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[0001] This application claims the benefit of the Korean Application No. P2002- 
71710 filed on November 18, 2002, which is hereby incorporated by reference for all 
purposes as if fully set forth herein. This application incorporates by reference two co- 
pending applications, serial number 10/184,096, filed on June 28, 2002, entitled 
-SYSTEM AND METHOD FOR MANUFACTURING LIQUID CRYSTAL 
DISPLAY DEVICES' 7 (Attorney Docket Number 8733.666.00) and serial number 
10/184,088, filed on June 28, 2002, entitled "SYSTEM FOR FABRICATING 
LIQUID CRYSTAL DISPLAY AND METHOD OF FABRICATING LIQUID 
CRYSTAL DISPLAY USING THE SAME'' (Attorney Docket Number 8733.684.00), 
as if fully set forth herein. 



BACKGROUND OF THE INVENTION 



Field of the Invention 

[0002] The present invention relates to manufacturing apparatuses, and more 
particularly, to a substrate bonding apparatus for manufacturing liquid crystal display 
(LCD) devices formed via liquid crystal dispensing methods. 

Discussion of the Related Art 

[0003] With the expansion of the information society, a need has arisen for displays 
capable of producing high quality images in thin, lightweight packages and that 
consume little power. To meet such needs, research has produced a variety of flat 
panel display devices, including liquid crystal displays (LCD), plasma displays (PDP), 
electro luminescent displays (ELD), and vacuum fluorescent displays (VFD). Some of 
these display technologies have already been applied in information displays. 
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[0004] Of the various types of flat panel display devices, LCD devices, having 
excellent display quality, light weight, thin dimensions, and consuming low amounts 
of power, have been very widely used. In fact, in portable devices, such as notebook 
PC computers, LCD technology has already replaced cathode ray tubes (CRT) as the 
display of choice. Moreover, even in desktop PCs and in TV monitors, LCDs devices 
are becoming more common. 

[0005] Despite various technical developments in LCD technology, however, 
research in enhancing the picture quality of LCD devices has been lacking compared 
to research in other features and advantages of LCD devices (e.g., light weight, thin 
profile, low power consumption, etc.). Therefore, to increase the use of LCD devices 
as displays in various fields of application, LCD devices capable of expressing high 
quality images (e.g., images having a high resolution and a high luminance) with 
large-sized screens, while still maintaining a light weight, minimal dimensions, and 
low power consumption must be developed. 

[0006] Related art LCD devices can generally be fabricated according to either a 

liquid crystal injection method or a liquid crystal dispensing method. In fabricating 

LCDs using the liquid crystal injection method, a sealant pattern is formed on one of 

two substrates, wherein the sealant pattern includes an injection inlet; the other of the 

two substrates is bonded to the one substrate in a first vacuum chamber; and liquid 

crystal material is injected through the injection inlet in a second vacuum chamber. 

Japanese Patent Application Nos. 2000-284295 and 2001-5405 can be understood to 

disclose a method of dispensing liquid crystal material wherein, after liquid crystal 

material is dispensed onto one of two substrates, the other of the two substrates is then 

arranged over, and bonded to the one substrate in a vacuum. Generally, liquid crystal 

material dispensing methods are advantageous over liquid crystal material injection 
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methods because they reduce the number of fabrication steps required to fabricate 
LCD panels (e.g., formation of the liquid crystal injection hole, injection of the liquid 
crystal material, sealing of the liquid crystal injection hole, etc., are omitted), thereby 
simplifying fabrication of LCD panels. Accordingly, fabricating LCD panels by 
dispensing liquid crystal material have been the subject of recent research. 

[0007] Figures 1 and 2 illustrate a related art substrate bonding device used in 
fabricating LCD panels formed with dispensed liquid crystal material. 

[0008] Referring to Figures 1 and 2, a related art substrate bonding device is provided 
with a frame 10, an upper stage 21, a lower stage 22, a sealant dispensing part (not 
shown), a liquid crystal material dispensing part 30, an upper chamber unit 31, a lower 
chamber unit 32, chamber moving system, and stage moving system. 

[0009] The sealant dispensing part (not shown) and liquid crystal dispensing part 30 
are typically provided at a side portion of the frame 10. Moreover, the upper and 
lower chamber units 31 and 32, respectively, can be joined to each other to bond 
substrates of an LCD panel. 

[0010] The chamber moving system generally includes a driving motor 40 for moving 
the lower chamber unit 32 laterally to predetermined positions where the substrates are 
to be bonded (S2) and where the sealant material is to be coated and where the liquid 
crystal material is to be dispensed (SI). The stage moving system includes a driving 
motor 50 for raising and lowering the upper stage 21 to predetermined positions. 

[0011] A method for fabricating an LCD panel using the related art substrate bonding 
apparatus will now be described in greater detail. 

[0012] A first substrate 51 is positioned on the lower stage 22 of the lower chamber 

unit 32 and the chamber moving system 40 moves the lower chamber unit 32 under the 

upper chamber unit 31 such that the lower stage 22 is beneath the upper stage 21. 
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Next, the driving motor 50 of the stage moving system lowers the upper stage 21 to a 
predetermined position such that the first substrate 51 is secured to the lowered upper 
stage 21. Subsequently, the upper stage 21, to which the first substrate 51 is secured, 
is raised to a predetermined position. The chamber moving system 40 then moves the 
lower chamber unit 32 to a position where a second substrate 52 is loaded on the lower 
stage 22. Subsequently, the chamber moving system 40 moves the lower chamber unit 
32 to a first predetermined position SI (as shown in Figure 1). At the first 
predetermined position SI, sealant material coating and liquid crystal material 
dispensing processes are applied to the second substrate 52 using the sealant 
dispensing part (not shown) and the liquid crystal dispensing part 30, respectively. 
After the coating the sealant material and dispensing the liquid crystal material, the 
chamber moving system 40 moves the lower chamber unit 32 to a second 
predetermined position S2 (as shown in Figure 2) where the first and second substrates 
5 1 and 52, respectively, can be bonded together. Next, the upper and lower chamber 
units 31 and 32, respectively, are joined to each other such that the upper and lower 
stages 21 and 22, respectively, are arranged within an enclosed space. A vacuum is 
then created within the enclosed space using an evacuating means (not shown). After 
the vacuum is created, the stage moving system 50 lowers the upper stage 21 such that 
the first substrate 51, secured to the upper stage 21, contacts the second substrate 52 on 
the lower stage 22. The upper stage 21 is lowered until the two substrates become 
bonded, thereby completing the fabrication of the LCD panel. 

[0013] Use of the aforementioned related art substrate LCD device substrate bonding 

device is disadvantageous, however, because the overall size of the aforementioned 

related art substrate bonding device is excessively large, especially when designed to 

fabricate large-sized LCD panels. The excessively large overall size of the related 
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substrate bonding device creates problems when designing LCD device fabrication 
processes because an adequate amount of space must be provided to install the related 
art substrate bonding device while preserving the space in which other apparatuses of 
other processes are located. 

[0014] Further, the space between the upper and lower chamber units 31 and 32 is 
excessively large and increases the amount of time required to create a vacuum during 
bonding of the substrates. 

[0015] Finally, the related art substrate bonding apparatus cannot substantially 
prevent the stages from being bent. More specifically, the upper and lower stages may 
be bent due to the weight of the stages themselves and due to a difference in pressure 
between the interior and the exterior of the substrate bonding apparatus. When the 
stages become bent, the first and second substrates are bonded together poorly. 



SUMMARY OF THE INVENTION 
[0016] Accordingly, the present invention is directed to a substrate bonding apparatus 
for manufacturing an LCD device that substantially obviates one or more problems 
due to limitations and disadvantages of the related art. 

[0017] An advantage of the present invention provides a substrate bonding apparatus 
for manufacturing an LCD device that decreases the degree to which the upper and 
lower stages are bent during a substrate bonding process. 

[0018] Additional features and advantages of the invention will be set forth in the 

description which follows, and in part will be apparent from the description, or may be 

learned by practice of the invention. These and other advantages of the invention will 

be realized and attained by the structure particularly pointed out in the written 

description and claims hereof as well as the appended drawings. 
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[0019] To achieve these and other advantages and in accordance with the purpose of 
the present invention, as embodied and broadly described, a substrate bonding 
apparatus may, for example, include a base frame for providing an exterior 
appearance; a lower chamber unit mounted to the base frame; an upper chamber unit 
positioned over the lower chamber unit and joinable to the lower chamber unit; an 
upper stage and a lower stage provided within interior spaces of the upper and lower 
chamber units, respectively, for securing a first substrate and a second substrate, 
respectively; and a plurality of elastic members arranged between at least one of the 
upper and lower chamber units and a corresponding one of the upper and lower stages. 

[0020] In one aspect of the present invention, the elastic members may be provided as 
at least one of a press spring, an initially-coned disk spring, and a plate spring for 
providing a restoring force to the at least one of the upper and lower chamber units and 
the corresponding one of the upper and lower stages, thereby preventing a surface of 
the corresponding one of the upper and lower stages from being convexly bent within 
the substrate bonding apparatus. Accordingly, deformation of the upper and lower 
stages may be substantially prevented when the stages are pressed and bonding of the 
substrates may be uniformly performed. 

[0021] It is to be understood that both the foregoing general description and the 
following detailed description of the present invention are exemplary and explanatory 
and are intended to provide further explanation of the invention as claimed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
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specification, illustrate embodiments of the invention and together with the description 
serve to explain the principles of the invention. 
[0023] In the drawings: 

[0024] Figures 1 and 2 illustrate a related art substrate bonding apparatus for use in 
fabricating LCD panels formed via liquid crystal material dispensing methods; 

[0025] Figure 3A illustrates an initial state of a substrate bonding apparatus for 
fabricating LCD panels in accordance with the principles of the present invention in an 
unloaded state; 

[0026] Figure 3B illustrates upper and lower stages in the substrate bonding apparatus 
shown in Figure 3A; 

[0027] Figures 4A and 4B illustrate substrate bonding apparatuses for manufacturing 
LCD devices capable of preventing upper and lower stages from being bent according 
to the principles of the present invention; 

[0028] Figure 5 illustrates the loading of a first substrate within the substrate bonding 
apparatus in accordance with the . principles of the present invention; 

[0029] Figure 6 illustrates the securing of loaded first and second substrates to their 
respective stages in the substrate bonding apparatus for manufacturing LCD devices 
according to the principles of the present invention; 

[0030] Figures 7 A and 7B illustrate generating a vacuum in chamber units of the 
substrate bonding apparatus for manufacturing LCD devices according to the 
principles of the present invention; and 

[0031] Figure 8 illustrates the venting of chamber units in the substrate bonding 
apparatus for manufacturing LCD devices according to the principles of the present 
invention. 
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
[0032] Reference will now be made in detail to embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings. Wherever possible, 
the same reference numbers will be used throughout the drawings to refer to the same 
or like parts. 

[0033] Referring to Figures 3 A to 8, the substrate bonding apparatus for 
manufacturing LCD devices according to the principles of the present invention may, 
for example, include a base frame 100, an upper chamber unit 210, a lower chamber 
unit 220, an upper stage 230, a lower stage 240, a plurality of elastic members 300, 
and a sealing means (e.g., 250). 

[0034] In one aspect of the present invention, the base frame 100 may be fixed to a 
supporting structure or surface (e.g., the ground), may form the exterior appearance of 
the substrate bonding apparatus, and may support different components discussed in 
greater detail below. 

[0035] In another aspect of the present invention, upper and lower stages 230 and 240, 
respectively, may be fixed to the upper chamber unit 210 and the lower chamber unit 
220, respectively. As will be described in greater detail below, the upper and lower 
chamber units 210 and 220 may be selectively joined to each other to define an interior 
space. 

[0036] The upper chamber unit 210 may, for example, include an upper base 21 1 that 

may be exposed to an external environment and an upper chamber plate 212 

immovably attached to a bottom surface of the periphery of the upper base 211. In one 

aspect of the present invention, the upper chamber plate 212 may be provided as a 

rectangular rim and define an interior space within which the upper stage 230 is fixed. 

Since the upper stage 230 is fixed to the upper chamber unit 210, the upper stage may 
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be raised and lowered with the upper chamber unit 210. In another aspect of the 
present invention, a first seal member 213 may be arranged between the upper base 
21 1 and the upper chamber plate 212 of the upper chamber unit 210 to seal the interior 
space defined by the upper chamber plate 212 from the external environment. In one 
aspect of the present invention, the first seal member 213 may be provided as a gasket, 
an O-ring, or the like, suitable for sealing. In another aspect of the present invention, 
upper stage 230 may secure a subsequently loaded first substrate 110. 

[0037] The lower chamber unit 220 may, for example, include a lower base 221 fixed 
to the base frame 100 and a lower chamber plate 222 arranged above a top surface of 
the periphery of the lower base 221. In one aspect of the present invention, the lower 
chamber plate 222 may be provided as a rectangular rim and define an interior space 
within the which the lower stage 240 is fixed. In another aspect of the present 
invention the lower chamber plate 222 may be movable in left, right, forward, and 
backward (i.e., lateral) directions with respect to the lower base 221. In another aspect 
of the present invention, the lower chamber unit 220 may include a support plate 223 
for stably fixing the lower base 221 to the base frame 100. In yet another aspect of the 
present invention, a second seal member 224 may be arranged between the lower base 
221 and the lower chamber plate 222 of the lower chamber unit 220 and may seal the 
interior space defined by the lower chamber plate 222 from a the external environment. 
In one aspect of the present invention, the second seal member 224 may be provided 
as a gasket, an O-ring, or the like, suitable for sealing. In another aspect of the present 
invention, lower stage 240 may secure a subsequently loaded second substrate 120. 

[0038] According to the principles of the present invention, at least one support part 

225 may be arranged between the lower base 221 and the lower chamber plate 222 for 

maintaining the lower chamber plate 222 a predetermined a distance from the upper 
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surface of the lower base 221. The support part 225 may include a first end attached 
to a bottom portion of the lower chamber plate 222 and a second end that is movable 
in lateral directions with respect to the lower base 221 and is attached to a piece that is 
attached to a bottom portion of the lower base 221. Accordingly, the support part 225 
enables the lower chamber plate 222 to move in left, right, forward, and backward 
directions relative to the lower base 221. 

[00391 Referring to Figure 3B, the upper and lower stages 230 and 240, respectively, 
may each include a fixing plate 232 and 242, respectively, fixed to a respective one of 
the upper chamber unit 210 and the lower chamber unit 220. Further, each of the 
upper and lower stages 230 and 240 may include a securing plate 231 and 241, 
respectively, for securing first and second substrates, respectively. In one aspect of the 
present invention, the securing plates 231 and 241 may each be provided as an 
electrostatic chuck (ESC) for securing a substrate to a respective one of the stages by 
applying an electrostatic charge. In another aspect of the present invention, each of 
the securing plates 231 and 241 may, for example, include four electrostatic chucks 
231a and 241a, respectively. In still another aspect of the present invention, each of 
the securing plates 231 and 241 may, for example, additionally include a plurality of 
holes (not shown) for transmitting a suction force to secure respective ones of the 
substrates. Accordingly, each of the securing plates 231 and 241 maybe formed out 
of a material such as stainless steel, an aluminum alloy, etc., having a thickness of at 
least about 40mm and may be substantially prevented from being bent. 

[0040] In one aspect of the present invention, the elastic members 300 may be 

provided between the upper chamber unit 210 and the upper stage 230 and between 

the lower chamber unit 220 and lower stage 240. Further, the elastic members 300 

may be compressed in such a manner as to ensure that the respective stages 230 and 

11 

DC:126783.1 



PATENT 
8733.871.00 



240 may be prevented from being bent even as other components within the upper and 
lower chamber units 210 and 220 are bent. Accordingly, even though the upper and 
lower chamber units 210 and 220 may be convexly bent within the substrate bonding 
apparatus of the present invention, the degree to which the securing plates 231 and 241 
are bent may be minimized. In one aspect of the present invention, the elastic 
members 300 may be fixed between the securing plates 231 and 241 and 
corresponding ones of the fixing plates 232 and 242. Accordingly, the elastic 
members 300 may substantially prevent the securing plates 231 and 241, securing 
respective ones of the first and second substrates 110 and 120 from being bent, thereby 
maintaining a reliable and substantially uniform bond between the first and second 
substrates 110 and 120 during the substrate bonding process. 

[0041] In another aspect of the present invention, and while referring to Figure 4 A, 
the elastic members 300 may be provided between the fixing plates 232 and 242 and 
respective ones of the upper and lower chamber units 210 and 220, respectively. In 
yet another aspect of the present invention, and while referring to Figure 4B, the 
elastic members 300 may be provided between the fixing plates 232 and 242 and 
respective ones of the securing plates 231 and 241, and between the fixing plates 232 
and 242 and respective ones of the upper and lower chamber units 210 and 220, 
respectively. 

[0042] According to the principles of the present invention, the elastic members 300 
may be provided as press springs, initially-coned disk springs (i.e., springs that are 
substantially conically shaped when they support no external loads, as shown in the 
Figures), plate springs, and the like, to exert restoration forces to the respective 
chamber units 210 and 220 when the respective chamber units 210 and 220 are bent 
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during, for example, a substrate bonding process. For example, elastic members 300 
provided as initially-coned disk springs may provide restoration forces to wide areas. 
[0043] According to the principles of the present invention, individual ones of the 
elastic members 300 may be provided with different restoration force constants in 
accordance with the arrangement of each individual elastic member 300 within the 
substrate bonding apparatus. Accordingly, elastic members 300 having different 
restoration force constants may substantially prevent the upper and lower stages 230 
and 240 from being bent during substrate bonding processes. For example, center 
regions of stages in related art substrate bonding apparatuses are generally bent to a 
greater degree than peripheral regions of the related art stages. Therefore, and in one 
aspect of the present invention, elastic members 300 arranged proximate the center of 
each of the stages 230 and 240 may be provided with a restoration force constant that 
is greater than the restoration force constant of elastic members 300 arranged at 
peripheral regions of the stages 230 and 240. In another aspect of the present 
invention, elastic members 300 may be provided at the center regions of the stages 230 
and 240 while substantially inelastic blocks may be provided in the peripheral regions 
of the stages 230 and 240. In yet another aspect of the present invention the positions 
of the elastic members 300 may substantially correspond with the positions of the 
electrostatic chucks 231a and 241a. 

[0044] Referring back to Figure 3A, the sealing means 250 may be provided as an O- 

ring, formed of a material such as rubber, and fitted along a top surface of the lower 

chamber plate 222 of the lower chamber unit 220. In one aspect of the present 

invention, the sealing means 250 may project from the top surface of the lower 

chamber plate 222 to a predetermined height such that the interior space defined by the 

joined upper and lower chamber units 210 and 220 is substantially sealed from the 
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external environment. In another aspect of the present invention, the sealing means 
250 may project from the top surface of the lower chamber plate 222 to a 
predetermined height and be formed to a predetermined thickness sufficient to prevent 
substrates, secured by respective ones of the upper and lower stages 230 and 240, from 
becoming proximately arranged next to each other upon initially joining the upper and 
lower chamber units 210 and 220, as will be discussed in greater detail below. In yet 
another aspect of the present invention, the thickness of the sealing means 250 may be 
sufficient to permit the substrates to contact each other when the sealing means 250 is 
compressed. 

[0045] A method for fabricating an LCD device using the substrate bonding apparatus 
will now be described in greater detail. 

[0046] The substrate bonding device may first be provided in the unloaded state as 
shown in Figure 3 A. Subsequently, and while referring to Figure 5, a first substrate 
110 may be brought into a space between the upper and lower chamber units 210 and 
220, respectively, via a loader 910. Next, the first substrate 110 may be secured to the 
upper chamber unit 210 and the loader 910 may be removed from the substrate 
bonding apparatus. Subsequently, the second substrate 120, onto which liquid crystal 
material is dispensed, may be brought into the space between the upper and lower 
chamber units 210 and 220 via the loader 910 and secured to the lower stage 240, as 
shown in Figure 6. 

[0047] Referring to Figure 7A, the upper chamber unit 210 may be lowered by a 
chamber moving means after the first and second substrates have been secured to their 
respective stages. Accordingly, the chamber moving means may raise and lower the 
upper chamber unit 210 as required. 
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[0048] According to the principles of the present invention, the chamber moving 
means may be provided within an interior of the base frame 100, below the lower 
chamber unit 220, may be coupled to the upper chamber unit 210, and may raise/lower 
the upper chamber unit 210. In another aspect of the present invention, however, the 
chamber moving means may be provided within the upper chamber unit 210 to raise 
and lower the upper chamber unit 210. When lowering the upper chamber unit 210, 
the lower surface of the upper chamber unit 210 may initially contact the sealing 
means 250, arranged on the lower chamber unit 220. Accordingly, an interior space 
defined by the upper and lower chamber units 210 and 220, and within which the 
secured first and second substrates 110 and 120 are arranged, may be substantially 
sealed from an external environment while the first substrate 110 may remain spaced 
apart from the second substrate 120 by a predetermined distance. 

[0049] After the interior space has been substantially sealed, the interior space, 
defined by the joined upper and lower chamber units 210 and 220, may be 
substantially evacuated to create a vacuum and the first and second substrates 110 and 
120 may be aligned with respect to each other. 

[0050] Referring to Figure 7B, when the sealed interior space is evacuated to create 

the vacuum, center portions of the upper and lower chamber units 210 and 220 become 

inwardly (e.g., convexly) bent within the substrate bonding apparatus due to the 

weight of the securing plates 23 1 and 241 , the weight of the stages 230 and 240, and 

difference in pressure between the vacuum state of the sealed interior space and an 

atmospheric pressure of the external environment. Additionally, the center regions of 

the fixing plates 232 and 242 of the upper and lower stages 230 and 240, respectively, 

may be convexly bent. However, the elastic members 300 provided between 

corresponding ones of the upper and lower chamber units 210 and 220 and the 
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securing plates 231 and 241 (e.g., between corresponding ones of the fixing plates 232 
and 234 and the securing plates 231 and 241) may exert restoration forces to the 
convexly bent upper and lower chamber units 210 and 220 (or to the fixing plates 232 
and 242) such that the degree to which the securing plates 231 and 241 are bent may 
be minimized. Accordingly, the surface of the securing plate 231, to which the first 
substrate 1 10 is secured, may remain substantially parallel with the surface of the 
securing plate 241 to which the second substrate 120 is secured. Consequently, the 
bonding surface of the first substrate 110 may remain substantially parallel to the 
bonding surface of the second substrate 120 because the securing plates 231 and 241 
of the upper and lower stages 230 and 240 remain substantially unbent, even though 
the center regions of the upper and lower chamber units 210 and 220 are convexly bent. 
[0051] After being aligned, the first and second substrates 110 and 120 may be 
completely bonded to each other during a venting process. Referring to Figure 8, the 
venting process may, for example, include injecting a gas such as nitrogen (N 2 ) 
through the upper and lower stages 230 and 240 and into the sealed interior space 
defined by the upper and lower chamber units 210 and 220. Upon venting the sealed 
interior space, the first substrate 110, previously secured to the upper stage 230, 
becomes separated from the upper stage 230 and completely bonded to the second 
substrate 120 due to the pressure of the gas injected through the upper stage 230. For 
example, a space between the bonded first and second substrates 110 and 120 (i.e., a 
cell gap) may be maintained in a vacuum state due to the aforementioned evacuation 
of the interior space. Therefore, due to a difference in pressure between the cell gap 
and the vented sealed interior space, the first and second substrates 110 and 120 may 
be substantially bonded to each other. 
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[0052] After the substrate bonding process is complete, the bonded first and second 
substrates 110 and 120 are unloaded from the substrate bonding apparatus and the 
aforementioned substrate bonding processes may be repeated. 

[0053] As has been described in accordance with the principles of the present 
invention, the substrate bonding apparatus for manufacturing LCD devices is 
advantageous because the overall size of the substrate bonding device may be reduced 
compared to related art substrate bonding devices because the substrate bonding 
device of the present invention is not provided with functionality to coat sealant 
material or dispense liquid crystal material onto substrates. Accordingly, the substrate 
bonding device provides a simplified design and saves space. Moreover, the volume 
of the interior space defined by the upper and lower chamber units may be minimized 
to thereby reduce the amount of time required to evacuate the interior space. By 
reducing the evacuation time, the amount of time required to fabricate an LCD device 
may be reduced. 

[0054] Further, the elastic members may be provided between each of the stages and 
a corresponding one of the chamber units to substantially prevent the surface of the 
securing plates from being convexly bent within the substrate bonding apparatus even 
though the chamber units are convexly bent due to the weight of the stages and the 
pressure difference between the evacuated interior space and the atmospheric pressure 
of the external environment. Accordingly, the substrates may be completely bonded to 
each other. 

[0055] It will be apparent to those skilled in the art that various modifications and 

variations can be made in the present invention. Thus, it is intended that the present 

invention covers the modifications and variations of this invention provided they come 

within the scope of the appended claims and their equivalents. 
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